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(54) Abstract Title 

Cutting element for rock drilling bit 

(57) A cutting element for a rock drilling bit comprises a cylindrical grip section (10, figure 1 A) from which 
e>etends a protrusion 812 having a non-axisymmetric outer surface and a layer of ultra hard material 830 
having a convex non-axisymmetric outer surface is formed over the protrusion. A critical contact region or 
zone 874 ,whlch is the portion of an insert closest to a hole wall while drilling and the region most liable to 
cracking due to stresses during drilling, is defined on the insert. Measured from a central axis (32, figure lA) 
the critical zone is located not less than a first angle (72, figure 1 A) of round 20* and not greater than a second 
angle (73, figure 1 ) of round 80*. Inside this region the ultra hard layer, generally polycrystaliine diamond or 
polycrystalllne cubic boron nitride, is thicker than outside to reduce cracking or delamination. One or more 
transition layers may be placed between the protrusion and the ultra hard layer. 
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ENGINEERED ENHANCED INSERTS FOR ROCK DRILLING SITS 

5 

Earth boring bits for drilling oil and gas such as rotary conical bits or hammer bits 
incorporate carbide inserts as cutting elements. To improve their operational life, these inserts 
are preferably coated with an ultra hard material such as polyciystalline diamond. Typically, 

10 these coated inserts are not used throughout the bit. For example, diamond coated inserts are 
used to form the gage row 2 in roller cones 4 of a roller cone bit 3 (FIG. 1 1), or the gage row 
1202 of a percussion bit 1203 (FIG. 12 A). The inserts Q^ically have a body consisting of a 
cylindrical grip finom which extends a convex protmsion. The protrusion, for example, may be 
hemispherical, commonly referred to as a semi*round top (SRT), or may be conical, or chisel- 

1 5 shaped and may form a ridge that is skewed relative to the plane of intersection between the grip 
and the protrusion. 

When installed in the gage area, for example, these inserts typically contact the earth 
fonnation away from their central axis 32 at a location 8 as can be seen with insert 5 on FIG. 11. 
The interfacial region between the diamond and the substrate is inherently weak in a diamond 

20 coated insert due to the thermal expansion mismatch of the diamond and carbide substrate 
materials. As a result, diamond coated inserts tend to fail by delamination of the diamond layer, 
either by cracks initiating along the interface and propagating outward, or by cracks initiating 
in the diamond layer surface and propagating catastrophically along the interface. 

Two approaches have been used to address the delamination problem. One approach is 

25 to significantly increase the sur&ce area of the interface through the use of corrugated or "non- 
planar'' interfaces, which have the claimed effect of reorienting and reducing the interfacial 
stresses over the entire protrusion surface. The other approach uses transition layers, made of 
materials with thermal and elastic properties intermediate between the ultra hard material layer 
and the substrate, applied over the entire protrusion surface. These transition layers have the 

30 effect of reducing the residual stresses at the interface, thus, improving the resistance of the 
inserts to delamination. When the delamination problems, however, have been solved, new 
enhanced insert failure modes are introduced which are highly localized to the regions of the 
applied stress. These new failure modes involve complex combinations of three mechanisms. 
These mechanisms are wear of the PCD, surface initiated fatigue crack growth, and 

35 impact-initiated failure. 
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The wear mechanism occurs due to the relative sliding of the PCD relative to the earth 
formation, and its prominence as a failure mode is related to the abrasiveness of the fomiation 
as well as other factors such as fomiation hardness or strength, and the amount of relative sliding 
mvolved during contact with the fomiation. 

The &tigue mechanism involves the progressive propagation of a surface crack, initiated 
on the PCD layer, into the material below the PCD layer until the crack length is sufficient for 
spelling or chipping. 

The impact mechanism involves the sudden propagation of a sur&ce crack or internal 
flaw imtiated on the PCD layer, into the material below the PCD layer until the crack length is 
sufficient for spalling, chipping, or catastrophic fiulure of the enhanced insert. 

The impact, wear and fatigue Ufe of the diamond l^er may be increased by increasing 
the diamond tfiickness and thus, the diamond volume. However, the mciease in diamond volume 
results in an increase in the magnitude of residual stresses fonned on the diamond/substrate 
mterface which foster delamination. This increase m the magnitude of the residual stresses is 
15 believed to be caused by the difference in the thermal contractions of the diamond and the 
carbide substrate during cool-down after the sintering process. During cool-down after the 
diamond bonds to the substrate, the diamond contracts a smaller amount then the carbide 
substrate resulting in residual stresses on the diamond'substrate interface. The residual stresses 
are proportional to the volume of diamond in relation to the volume of the substrate. 

Both the &tigue and in^ct Allure mechanisms iiivolve the development and propagation 
of Hertzian ring cracks which develop around at least part of the periphery 1279 of the contact 
area 1280 with the earth fonnation (FIG. 12B). This part of the periphery of the contact area is 
referred to herein as the 'critical contact region" of the insert and is denoted by reference 
numeral 1279 in RG. 12B. These ring cracks which develop in the critical contact region 
typically propagate in a stable manner through the ultra hanl material layer in a direction away 
from the contact region. Micn)scopic examination of inserts which have been used in drilling 
applications show that it is not thesjevelopment of surface cracks in the PCD which limits the 
useful life of the cutting element, but rather the unpact or fatigue induced propagation of these 
surfece cracks into the substrate material which limits the useful life of the inserts. 
30 There is, therefore, a need for an insert with increased resistance to the localized wear, 

fetigue and impact resistance mechanisms so as to have an erihanced operating life. To solve this 
need, the inserts of the present invention have an increased thickness of diamond in the critical 
contact region. 
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In efforts to increase insert cutting life, applicants discovered that it is advantageous to 
place thicker PCD in the critical contact region and in areas immediately outside the contact area 
where fatigue or impact induced crack growth is of primary concern. In practical drilling 
applications, the critical contact region can vaiy substantially due to the intrinsic variations in 
depth of contact with the earth formation during drilling. These variations in the depth of contact 
rhay be due to, for example, the inhomogeneity in the foraiation, and the weight on the bit. 
Because of this variation^ it was found necessaiy to place the thicker PCD in a certain defined 
region rather than at a single location. This defined region includes the critical contact region 
and is referred to herein for descriptive puiposes as the "critical 2X)ne." Moreover, by limiting 
tfie thicker diamond to a defined region, the increase in the volume of the diamond is minimized, 
therefore minimizing the increase in residual stresses. . ^ 

The prior art does not disclose such an insert. For example, U.S. Patent Nos. 5,379,854 
and 5,544,713 disclose inserts having a comigated inter&ce between the diamond and the 
carbide support. These conrugated interfaces create a step wise transition between the two 
materials which serves as stmctural reinforcement for the transfer of shear stress from diamond 
to the carbide and thus, reducing the amount of the shear stress which is placed on the bond line 
between the diamond and the carbide. Moreover, the comigated interface reduces the thermally 
induced stresses on the interface of the diamond and carbide due to the mismatch in the 
coefficient of thermal expansion between the two materials. 

To increase the resistance to cracking, chipping and wear of the diamond layer of the 
insertrU.S. Patent No. 5^35,738, discloses an insert having a carbide body having a core 
containing eta-phase surrounded by a surface zone free of eta-phase. It is believed that this 
multi-structure insert body causes a favorable distribution of the stresses created by the 
coeflScimt of thermal expansion mismatch between the diamond and the carbide. Moreover, the 
*738 patent discloses depressions on the protrusion of the insert body beneath the diamond layer. 
These depressions are filled with diamond material diflFerent than the diamond material which 
makes up ttte diamond layer in cuttipg elements. 

Neither of the •854, *713, or '738 patents teach a way of overcoming the localized failure 
modes nor do they teach the placement of an increased thickness of diamond on the area of 
contact between the diamond and the earth fonnation. 
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T^is mvention relates to enhanced inserts mounted on a rock bit, preferably ia the bit's 
gage row for contacting earth fom»ations off center. The inserts have a grip fiom which extends 
a ^nvex protn^on which is coated with an ultra hard material such as polycrystalline diamond 
(PCD). The ultra hard material layer has a maximum thickness within the critical zone 

In some embodiments, the inserts have an axisymmetric protnision on which is bonded 
anultrahardmateriallayerhavinganaxisymmetricoutersurfece. In ^temate embodiments the 
insert protrusions are non-axisymmetric and the ultra hard material layers have outer surfeces 
which are axisymmetric. In other embodiment, the inserts have protrusions which are non- 
a«^etric and the ultra hard material layer outer surfaces arc also non-axisymmetric. In yet 
fiirther embodmieats. the inserts have protrusions which are axisyimnetric and ultra hard material 
layers which have non-axisymmetric outer surfaces. With any of these embodiments, the 
portions of the protrusions within the critical zone may be linear, convex or concave in 
cmss-section. Furtherniore, transition layers may be incorporated between the protrusion and 
fte ulte hard material layer in any of the embodiments. The transition layers may have grooves 
formed on their outer surfaces that are aligned with the critical zone. In addition, the portion of 
the protrusions and/or the portion of the transition layers, if incorporated, within the critical zone 
may be textured. 

In another embodiment, a first groove is formed on a leading surface of the protrusion 
Mathm the critical zone. A second groove or oval depression is formed on the trailing surface 
ofthe protrusion less than ISO" from the front surfece of the protrusion. A tram^ition layer is 
then formed on top ofthe protr^ion and grooves and is draped within the grooves. An ultra hard 
material layer is then fom^ed on top of the transition layer having a unifomi outer surfece. 
As such, the diamond layer is thickest in the areas of the grooves. 

In yet another embodiment, the insert has a non-axisymmetric protmsion A ridge is 
formed on the protrusion that is ^ewed relative to the plane of intersection between the 
promision and the grip. A stepped down depression is formed on the protrusion and is located 
withm the critical zone. The depression is widest at the surfece ofthe protr^ion and is stepped 
down mcrementally along the depth ofthe depression. Transition layers may be fom,ed witfiin 
each step m the depression. An ultra hard material layer which has an outer surface conforming 
to the outer shape ofthe protnision is formed on top ofthe transition layers. Alternatively, the 
protrusion is filled only with ultra hard material. 
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Embodiments of the invention are described below with 
reference to the accompanying drawings, in which: 

FIG. lA depicts a partial cross-sectional view of an insert having an axisj-mmetric 
protnision on which is bonded an ultra hard material layer having an axisymmetric outer surface, 
wherein the protnision surfece withui a critical zone is linear in cross-section. 

FIG. IB depicts a partial cross-sectional view of an insert having an axisymmetric 
protnjsion on which is bonded an ultra hard material layer having an axisymmetric outer surfece. 
wherein the curvature of the ultra hard materiallayer outer surface is different than the curvature 
of the protrusion ' 

no. IC depicts a partial cross-sectional view of an insert having an axisymmetric 
protnision and an ultra hard material layer having an axisymmetric outer surfece with a transition 
layer bonded between the protrusion and the ultra hard material layer. 

HGS. ID depicts a partial cross-sectional view of an insert having an axisymmetric 
protnision on which is bonded an ultra hard material layer having an axisymmetric outer surfece, 
wherein the protrusion surface within a critical zone is convex in cross-section. 

FIG. IE depicts a protrusion outer surface which is textured within a critical zone. 
FIG. IF depicts a transition layer outer surface which is textured within a critical zone. 
FIGS. 2A and 2B depict a partial cross-sectional view of an insert having an 
axisymmetric protrosion on which is bonded an ultra hard material layer having an axisymmetric 
outer surfece, wherein the protnision surface within a critical zone is concave in cross-section. 

FIG. 2C is a partial cross-sectional view of an insert having an axisymmetric protrusion, 
wherein the protrusion surfece within a critical zone is concave in cross-section and wherein a 
transition layer is bonded betweoi the protrusion and the ultra hard material layer; 

FIG. 3 A is a partial cross-sectional view of an insert having an axisymmetric protrusion 
on which is formed a transition Ij^rer whose outer surface is concave vwtfain a critical zone, and 
an ultra hard material layer formed over the transition layer. 

na 3B is a partial cross-sec^onal view of the insert shown in FIG 3 A with an additional 
transition layer. 

FIG. 4 is a partial cross-sectional view of an insert having an axisymmetric protnision 
on which are formed two concentric spaced apart transition layers, wherein the portion of the 
protrusion outer surfece within a critical zone is not covered by a transition layer, and an ultra 
hard material layer formed over the protrusion and transition layers. 


no. 5A. 5B, 5C and 5D depict partial cross-sectional views of inserts having 
non-axisynimetric protrusions on which are bonded ultra hard material layers having 
axisymmetnc outer surfaces, wherein the protrusion surfeces within a critical zone are either 
linear or convex in cross-section. 

FIG. 5E depicts a partial cross-sectional view of any of the inserts shown in FIGS. 5A, 
5B. 5C and 5D further including a transition layer bonded between the protrusion and the ultni 
hard material layer. 

FIGS. 6A, 6B and 6C depict partial cross-sectional views of inserts each of which have 
non-axisymmetric protrusions on which are bonded ultrk hard material layers having 
axisynunetric outer surfeces. wherein the protnision surfeces witfiin a critical zone are concave 
in anss-section. 

no. 6D depicts a partial cross-sectional view of any of the inserts shown in HGS. 6A, 
6B and 6C further including a transition layer bonded between the protnision and the ultra hanl 
material layer. 

FIG. 7 A depicts a partial cross-sectional view of an insert having an axisymmetnc 
protnision on which is bonded an ultra hard material layer having a skewed ridge. 

FIG. 7B depicts a partial cross-sectional view of an insert having an axisymmetnc 
protnision on which is bonded an ultra hard material teyer having a chisel-shaped outer surfece. 

FIG. 7C depicts a partial cross-sectional view of the insert shown in FIG. 7 A with a 
concave prouiision outer surface within the critical zone. 

FIGS. 7D and 7E depict partial cross-sectional views of die insert of FIG. 7B with a 
concave protrusion outer surface within the critical zone. 

FIGS. 8A. 8B, 8C and 8D depict partial cross-sectional views of inserts having 
non-axisymmetric pn)tnisions on which are bonded ultra hani material layers having non- 
axisymmetnc outer surfeces. 

FIG. 8E is a partial ooss-sectional view of the insert show in FIG. 8D. 

FIG. 8F is a partial cross-wctional view of an insert having multiple radial grooves 
fonned within the critical zone. 

FIG. 9A is a partial side view of an insert having an non-axisymmetric protnision having 
a depression which is stepped down in widtii along its deptii and which is filled with an ultra 
hard material. 

HG. 9B is a fiont view of the insert as shown in FIG. 9A witiiout tiie ultra haid material 
depicting the stepped-down depression. 


FIGS. lOA, lOB and IOC depict a side views of insert bodies having a SRT, conical and 
chisel shaped protrusions, respectively, having a curving groove fonned on a leading surface on 
the protrusion and a depression fonned on a trailing surface of the protrusion. 

FIG lOD is a cross-sectional view through the protrusion of the insert body shown in 
FIG. lOB. 

FIG. 1 OE is a partial cross-sectional view of the insert body shown in FIG. 1 OB having 
a transition layer fonned over the promision and draped within the groove and depression and 
an ultra hard material layer over the transition layer. 

FIG. 1 OF is a partial cross-sectional view of an insert having groove formed on the 
protrusion of the ins«t body around part of the peripheiy of the critical zone. 

FIG. 1 1 is a cross-sectional view of part of a roller cone bit depicting the gage row, of 

inserts. 

FIG. 12A is a partial side view of part a percussion bit. 

FIG. 12B is a top view of an insert mounted on the gage row of a percussion bit depicting 
the contact region of the insert protnision. 


Enhanced inserts for use in rock bits for drilling (i.e., boring) earth formations typically 
have a cylindrical grip section 10 from which extends a convex protrusion 12 (see for example, 
FIG. lA). The convex protrusion may be axisymmetric, as for example, hemispherical 
(commonly referred to as semi-round top or SRT) or conical. The protrusion may also be 
non-axisymmetric, as for example, chisel-shaped and may fonn a ridge that is skewed relative 
to the plane of intersection 28 between the grip and the protrusion. The protrusions, which may. 
be coated with an ultra hard material, are flie part of the inserts that ^ically contact the earth 
formation being drilled. The inserts are typically made from a carbide material. 

The present invention is diiscted to such enhanced inserts having an ultra haid material 
layer, such as a polyciystalline diamond (PCD) layer, fonned on the protrusion, wherein the ultra 
hard material layer is thickest within a defined critical zone. For illustrative puiposes the present 
invention is described with PCD as the ultra hard material layer. As such, and for convenience, 
PCD is used herein throughout this application to refer to polyciystalline diamond or any other 
ultra hard material, such polyciystalline cubic boron nitride (PCBN). The inserts of the present 
invention are designed for contacting earth formations off-center. For example, these inserts 
may be mounted on the gage row 1202 of a roller cone in a rock bit (FIG. 1 1) or in the gage row 
in a percussion bit (FIG 12 A). 
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Sections fiom enhanced inserts that have been used in drilling show that the PCD cracks 
are typically Hertzian ring cracks that develop aiound part of the periphery 1279 ~ referred to 

r^Z'^'Z'^" ~ "^"^^ ^8^°" ^280 with the formation 

(FIG 2B). The cracking is usually more severe on the portion of the insert which is closest to 
the hole wall during drilling. It is difficult to determine where the periphery of the region of 
omtact and thus, the critical contact region, may be for a given application due to unpredictable 
fectors encountered during drilling. In addition, in a teller cone bit application, the region of 
contact changes as the bit rotates fiom the region of initial contact Oeading edge) to a region of 
final contact (trailing edge). Given the difficulty in predicting the periphery of the region it is 
best to describe a range of angles within which the critical contact region may be located 
Specifically, the angles are measured from the insert central axis 32 (FIG. 1 A) as rotated about 
tfaepomt of intersection 33 between die central axis and the plane of intersection 28 between the 
grip and the protnision. This range of angles, referred to herein as e„ in essence defines a 
critical zone 74 and has as its boundaries a first angle 72 (referred to herein as 6, ) and a second 
angle 73(refenedtohereinasej. Inmost instances, it has been discovered tiiat 6, is about 20 » 
and e, IS about 80' such that 6, is about 60'. Stated diiferenUy in most instances, the Hertzian 
cracks vwll form within Ais critical zone. 

While tiie critical contact region typically does not span more tiian 1 80» aroUnd Uie 
protii«ion. the critical contact zone may be defined to span around the entire insert (i.e., be an 
annular cntical zone). In many instances, tiie critical zone is limited to an area 1281 of 160' 
around the protmsion (FIG. 12B). All inserts of tiie present invention have a critical contact 
region withm the critical zone defined by 6, being greater tiian or equal to 20» and 6, being less 
than or equal to 80°. 

Theonset of enhanced insert failure by wear of the PCD, surface initiated crack growfli, 
or unpact initiated failure is delayed using thicker PCD. For a failure involving pure wear the 
benefit of tiiicker PCD is obvious, in tiiat more PCD must be removed abrasively before &ilure 
can occur. The fetigue and impact.initiated failures are delayed because the crack propagation 
distance before failure is increased, thus increasing the number of cycles to which the PCD can 
be exposed before failure. The observations about the effect of a tiiicker PCD on the tiuee 
aforementioned fetture modes is supported by laboratory test results. 

However, placing of an overall thicker PCD layer on an insert may lead to premature 
failure of the insert due to an increase in tiie magnitude of die residual stresses tiiat develop at 
the interface between tiie PCD layer and tiie cari,ide insert body. This is explained by tiie fact 
that residual stresses in mutually constrained materials having a coefficient of tiiermal expansion 
mismatch (as is tiie case with PCD and cemented carbide) are proportional to tiie relative 


volumes of the materials involved. There is a delicate balance between the benefits achieved 
using a thicker PCD layer on an insert and the drawbacks due to the increased magnitude of the 
residual stresses developed. The inventors of the present invention have discovered that they can 
achieve an opUmum balance by placing thicker PCD only in the specific regions of stress 
imposed by the drilling application i.e., the PCD layer is tailored so as to be thickest at the 
critical zone. This can be accomplished, for example, by using a similar volume of diamond as 
in the typical enhanced insert and redistributing the volume so that the diamond thickness is 
greatest within the critical zone and not as great at all areas outside the critical zone. 

The thicker diamond along the contact zone is better able to absorb the energy of impact 
through sub-critical PCD crack growth and as such is more resistant to chipping. The increased 
thickness of PCD material on the critical zone also increases the abiUty of the faisert to perfoim 
in applications where wear is a concern. Moreover, by using similar volumes of diamond as used 
in the standard inserts, the residual stresses formed at the interface between the diamond and the 
carbide of the inserts of the present invention are similar to the residual stresses formed in the 
standard inserts. In this regard, the inserts of the present invention provide for enhanced 
resistance to wear and chipping of the insert diamond surfece without increasing the residual 
stresses at the interfece between the diamond and the carbide and therefore, without increasing 
the occurrence of residua] stress promoted insert feilures. 

A test was perfontied by the applicants to test the invention of placing thicker diamond 
in the region on the insert which contacts the earth formation during drilling. Two different 
enhanced insert designs were placed in the gage row 1202 of percussion bits 1203 (FIG. 12). 
The gage inserts on a percussion bit contact the earth formation off-axis at an angle between 
about 35° and 45° fiom the apex of the insert Tbs first insert design tested was the standard 
type where the thickest diamond was located at the apex of the insert. The second design 
incorporated the present invention in that the thidcest diamond was located at approximately 40" 
from the apex in the region of contact between the earth and the insert. The following table 
depicts the tiiickness of the PCD in various locations on the protrusion as measured from the 
apex for the standard insert and the insert of the present invention. It should be noted that the 
outer PCD shapes of the standard inserts and the present invention inserts were identical. 


Angle (Deerees) 

oionuaiu msen 

Present Invention 

0 

0.012 in. 

0.013 in. 

20 

0.011 in. 

0.014 in. 

40 

0.009 in. 

0.015 in. • 

50 

0.008 in. 

0.010 in. 

60 

0.006 in. 

0.006 in. 


The percussion bits having standard inserts in the gage row were able to drill an average 
of 1202 feet before feilure of the inserts. The percussion bits having the inserts of the present 
invention on its gage row were able to drill an average of 23 14 feet before insert feilure. The test 
data revealed that the footage drilled was nearly doubled by use of off-axis thicker diamond. 

To further enhance their operating life, the inventive inserts may also incorporate 
transition layers such as PCD/WC composites or PCBN which are strategically located for the 
purpose of reducing the residual stresses on the ultra hard niaterial layer as well as on the insert. 
The transition layers tend to reduce the magnitude of the residual stresses that would otherwise 
form on the interfece of the diamond with the protrusion. As a result, the operating life of the 
insert is inoeased. 

A transition layer tends to reduce the residual stresses that are present when PCD is 
directly bonded to the substrate protrusion. High residual stresses may cause delamination of 
the PCD layer. To reduce the residual stresses, the transition layer should be selected from a 
material whose coefficient of thermal expansion is between the coefficient of thermal expansion 
of the PCD and the carbide substrate. Typically, two transition layers are employed. The first 
transition layer side interfaces with the PCD layer while its opposite side interfaces with the 
second transition layer. The second transition layer interfaces on one side with the first transition 
layer and on the other side with the. substrate. 

A first transition layer is preferably made from a material that is harder than the second 
transition layer and less hard than the PCD layer. An example of such material would be a 
material containing 71% by weight of pre-cemented tungsten carbide and 4% by weight of cobalt 
with the remaining portion being diamond. The second transition layer should preferably be 
made fiom a material that is less hard than the PCD layer and less hard than the first transition 
layer, but harder than the substrate material. An example of such material would be a material 
containing 85% by weight of pre-cemented tungsten carbide and 2% by weight of cobalt with 
the remainder being diamond. 
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As the diamond layer impacts the earth formation, shock waves are generated and are 
transmitted through the diamond layer to the carbide substrate. The shock created by the impact 
is known to cause delamination of the PCD layers in typical inserts. However, with a design 
incorporating transition layers, the impact shock is absorbed by the transition layers, thus 
reducing the occurrence of PCD layer delamination. Therefore, by using transition layers, the 
PCD layer is more resistant to delamination and as such, will tend to remain bonded to the insert 
for a longer time. Consequently, the operating life of the insert is increased. 

It is also recommended that the maximum thickness of the PCD layer is between 0.01 
times and 0.15 times the outside diameter of the grip portion o^ the insert when transition layers 
are used and between 0,01 5 times and 0.25 times the grip outside diameter when transition layers 
are not used. The increased thickness of the PCD also serves as an impact absorber. 

Following are descriptions of enhanced inserts according to the present invention. 
In a first embodiment ins«t as s^own in FIG. 1 A, the protrusion 12 is axisynunetric. The 
portion of the protrusion within an annular critical zone 74 is linear in cross-section and forms 
an axisymmetric annular frustoconical band 76. In an alternate embodiment, the band 76 is 
convex in cross-section having a radius of curvature at a location within the critical zone that is 
different than the radius of curvature of the of the PCD layer outer surface at the same location 
within the critical zone (FIG. ID), A PCD layer 30 is formed over the protrusion. The PCD 
layer outer surfece is also axisymmetric so as to be the thickest within the critical zone. It should 
be noted that the thickness of the PCD layer outside the critical zone is less than the thickness 
within tiie critical zone. 

In another embodiment as shown in FIG. IB, the protrusion is axisymmetric and the 
PCD layer outer surfiice is also axisynunetric having a curvature that is different than the 
curvature of the protnision such that the thickness of the PCD layer is greatest within the annular 
critical zone 74. Again, at the thickness of the PCD layer outside the critical zone is less than 
the thickness of PCD within the critical zone. In the embodiments shown in FIGS. 1 A, 1 B and 
ID, the maximum PCD thickness should preferably be not less than 0.015 times and no greater 
than 0.25 times the insert grip diameter. 

A transition layer or multiple transition layers 40 as shown in FIG. IC may be 
incorporated in either of the embodiments shown in FIGS. 1 A, IB and ID. Preferably two 
transition layers are employed. When transition layers are incorporated, the thickness of the 
PCD layer should preferably be no less than 0.01 times and not greater than 0.1 5 times the insert 
grip diameter. 


^ The insert shown in FIG 2A K\r^ a- • ^ . 

I»«n«io„ <» which « bonded a PCD to- Sd^ ™- ' A h« m axisy^metric 

critical zone 274 is concave ^J! "^"^ the a™,„lj. 

tUdcas. wiftin fte critical zone. "-boduneat dso provides that fl,e PCD layer is 

cu™.»of.he™on::^rr::;^„':;;»s » d^a^ «^ 

10 To li«h„ toc™« the thickness Tt^P^ 274. 
276.rthep,„tr^™^«^JJ^:;^^„^^^^^^ 

^"'J^^^fc'-Klonthepro.msionoutersurfce "^f"' """^ fonns „ 

2B, the PCD maxinnm. thickness shXj^M . in HGS. 2A a«l 

0.25 .in,es the di«„e JXt^ ^ " ^ "« no 

'5 A transition layer or mnhiple transWon lav»« 7in u 

«Ko,»«edi„eitherof.hee™bodi™L.sn„t^rj2rrr" kT' 
layers a, employed. Wia, fte embodima,, of HO 2B^T f ^ " 

the concave surftce 276 of the p.y^^^^-T'T '^'""'^'^'^ 
n»xin.um thickness of the PCD layer shol ^ '"'■"PO.ated, the 

20 greatcrtha, 0..5 thnes «,e dian^t^^Tt^;!'^*'^ 0.01 tir^s and .„., 

An «ds,n„.«.rio ^ve 3^^^^^,^" """"""^ ««ynunethc outer surfi^ 

« layerm Tl«outersu.fi„»oftJ^L ''" "*'™''™'°'»f 

»rfe.of««firs..ra.^«:;w^^ -n-e g^ove formed on outer 

thickness Of the PCD ^JST^::^ P<^»- sur,^ ensur, 

a. any point outside the cdUcal ^ J^^^^,^^, 

man altenu-te embodiment, the outer »^ft^« *= 

9 is the gmove 376. transition layer is not 

axisymmetric nor 

A first transition layer 341 mav f^r,,^ 

no. 3B. -nre second J^ ZmtTjZ^'T.'^'''''"''''''^^ 

layer outer 

- it would become l^Sl'^lt^r ^ti^ 

«i, tunner transition layers may also be 
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incoiporated as long as the PCD layer is thickest a* th<.^r,f;«-i r , 

' protrus on. The surface -^ffk*. 

P™^.o» w.«.„ an a^u,. critic, ^. 474 is „„, ^ ^^^^^^^ 

ayer « tluckes. a. to zone. In alUm«c embodiment,. »„„ fl^ ^ axi,ymm«ric orn^ 
protrusion may be non-ax-sj^netric. With these embodiments, the l«„siti«, Uycri 2t 
'*'.*°"*"'*«'""»*'>'=ne incorporating tnuisitionlayere the PCD layer maxima, 

^b^ :™ PCD layermaxhm™ thiclcn^ 

c« be as ^ as 0.25 t«nes «„1 not less than 0.01 times the insert grip dianeter 

lies a cnueal ame 574 that spans amund a portion of the protrusion. THe ronion of th. 
protiusron «i,hi„ ^ eritica. zone is line,, in cn.ss^on foling , .^OZ V^ 
"»y ^ .«0- a^md the profusion, but pmfcrabt U a^oTof ft 

^r^T*"**" •"™-'«^™'»-ta"^*'.»^o"of.h=;.rio^576 

w,thm the ^nc ^ « convex m cession having a mdius of cu„«„,e that^s greater than 
*.^v.of.hep,ohusi™(F.0.5B,immedia..^on.id,e,sideof.hecriUcalzo^ 

A PCD layer 530 ts fom>ed over the p,om«do„. The PCD layer outer surftce is aximZetri. 

Of d,e PCD layer outs.de the errtical zone is less ti,an the thickness within the critical zone 
sides 5^r^ sho^vn in FIO 5C. U,e p„,.rusion of fl,e ins«t has multiple flat 

a.« which spans around a portion of .he protrusion, ^.ically no g««er tium ISO- bu, 
preferably no greater tiian 160". A PCD laver 530 h„„J.H "80 . tat 

sur&eeof.h.prr.. ■ . Protmsion. The outer 

rr . ^' " "'^'"fc » ^ «> have an increased PCD layer thickness alone 

the flat s-des and Utus a, the critical ^ 574. TT,e slope of the flat side. ^^^Z 
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' Shaped '^n't^'^Z'^Tj" '''' --i^c ch«I 

maxunum within the critical zone. thickness to be 

A transition layer or multiple, transition layeis 540 as sho^« i« Tnn « 

' zone 674 is ««cav.. A» wi* *e ..J:^^^^ !:TZ:T 

po«io„of «„p^»,^^,^,^,^^^^.^ J°^^A span, . 

becomeapparenttooneskilledintheait.thecriticai2on«.c««„ ^ As it would 

is typically less than 1 80" Th. Prm ^"^ ^ » Portion of the protrusion 

unc may span tne entire protrusion circumference as shown in Fin c ^ 
zonernaybea"two-seet.w«4H- i u • ^ ^"own m FIG. 6C. Further, the critical 
y be a two section critical zone, having a "section" along each planar side 677 of the 
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1 protrusion. In the embodiments shown in FIGS. 6A 6B and 6C th« Prn 


10 


15 


20 


25 


A transition layer or multiple transition layers 640 as shown in FIG fin 
incorporated with any of the embodiments of FIGS ""^^ 

The insert of HQ. 7A has an axisymmetric protrusion 712. A layer of PCD 730 I, 

In another embodiment showrn in FIG 7B tho in««>^ t,:.. 
PCD lavtir rtn J. ^ u ^ the insert has an axisymmetric protrusion. A 

^unc. /^s u would become apparent to one slrill^ in «^ ^. 

An alternate embodiment shown in FIG 7C is simtl-f *« *u u 

Pioirusion as shown m FIG. 7C pr may span a portion, preferably less than 160- of 
protrusion so as to encompass the enti,. critical zone As it w^d wl ' 

A further alternate embodiment shown in FIG 7D is similar tnfh-o u ^. 
in no 7B with the *.vr^«»j«« A * similar to the embodiment shown 

pnns oniy a portion of the protrusion, less than 180'. but 


*Mc non-axisymmetnc protrusion can he anv ^u^ 
Pntnsioiis described above APCDI.»,«r,- T """^ any of the non-axisyrametric 
of ftc PCD layer is " ^ <"«" ^« 

relative .. ^ 07^0 o^to^r^"^*: » "■'S' "Wch is skewed 

Ws embodiment, fte criMcS «>„^ 87^^^ ^ ^<'- 
20 I«0-. «„™d *e pron^t^ »I ^ "« '»»•. "><' P«fen*ly less d™, 

«--o„*ep„Lr:;i::r:;r«r ™ r::^^^ - - - 

within the critical zone (FIG. 8C). would aUow for more PCD to be 

« in»«e«io„ 828 """^ near *e plane of 

embodiments, me cri^^^/r^lrr ^™ 

0 -.i--.po™„nofi^:rz:trenr:r"^'™-"-^^ 
depicJrn5tct°i:r^'"*'~°"°''^'--°'*"-^^^^ 
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axisymmetric. Of course as it would become apparent to one skill^w ,„ »k - u 

of ^ «.bodi„^. Shown SP axiZne^: oCJSrir'^;^ 

groove located around U,e enti« c«umfc,«,o. of to. p„„n,sio„ "^^ 

which spans around a portion of the protnoion. n,e cross-sectioMl are» of ,h. h 

a smaller cross-sectional area and maintained for a further denVh of A x «««eato 
Prefe^b,.. four to ten steps 960 ..e incon.o.atcd ^dX^'^^r"'^."'' 

oftLp^rnrwsirrTj^^ 

Icadrn, su*ce ,053 of each u»e„ protrusion so as ,0 be within ^^ ^11™? ^ 
groove prefeabl, hegins near plane of intersecUon ,02S b«v«e„TlTn 
protrusion and curves upward towani the anexlO'Sn of* - "Bert gnp and the 

depression .054 is fbrm^ on «k .^1^1^ 056 ^7 ^ 
180- awa, fion, the groove on .he leal^ ^ no ToD ^7°°' 
^eprotrusionshowninno. -OB. showin^ri^n^e^JL^''^:":: 
by the groove and depression, respectively. ^ 

A constant thickness transition laver in-?*; u- <■ ^ 
^draped wiUUn the ..ovciOsJ^ ZZiOsT^ '^.'^Zm 
havmg a unrfonn outer surftce is then fonned over transition Uyer ^ ^^^^Z 

snot used, ,.e., the PCD layer is bonded directly .0 the protnaion. Moreover as it would 

^z:^. i::;^rir — — - -wri- 
the leadTn^llZr ff ^ ~" "f-"--" changes as the bi. ro,«es fion. 
^c^l?* of the p,omrs.on which initially contacts .he earth fbnnation ,0 the tailing 
surface of the prot„.s.on lastly contacts .he earth fonnaUon. T1« protn-sion is levied » to 
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»a«„»,pcDftick«»,i„««,..,,„"»^*°r "-"^^ lOA. ,0B. lOCand .OEpl«.a. 
~ Of ft. cu«ng e.c^ a^!^"" ^ '» i„,p«« »d ^ 

yet a further aJtemate j- 

».4 U» ««pa„„ Of tt,e groove h« „ 'Z "'"^ " 

»nn.„o„ Of tte groove ™3y b. «i™,™^'r.„ ! ^ P"«^-> prior to the 

P»tn«i<». A te^iaon layer or muldple t^,^ ^ ^"^ " "ver tte 

l»«n»i<««dft,PCDbj„. '^'"™"'"""'>«"»«y'»fac«por«ed between a» 

^= KI>Mid transition In,,, in ■l,„f,k.? T^' """^ • '»pe<Mively. 

.o-u^b.aeo.ventio..Cpr.::^t::r::^---^'>-^ 
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CLAIMS 

1. A rock bit comprising a cutting element for cutting an earth 
formation, wherein the cutting element comprises a central axis and 
xs mounted on the bit for contacting the earth formation along a 
critical zone offset from the central axis, the cutting element 
comprising: 

a grip portion; 

a protrusion extending from an ..end of the grip portion, the 
protrusion having a non-axisymmetric outer surface; and 

an ultra hard material layer selected from the group 
consisting of polycrystalline diamond and polycrystalline cubic boron 
nitride formed over the protrusion, the ultra hard material layer 
having a non-axisymmetric outer surface, wherein the ultra hard 
material layer is thickest within the critical zone, and wherein the 
ultra hard material layer thickness outside the critical zone is 
thinner than at any point within the critical zone, and wherein the 
entire ultra hard material layer outer surface defines a convex 
surface. 

2. A rock bit as recited in claim 1 wherein the cutting element 
ultra hard material layer comprises a convex outer surface. 

3. A rock bit as recited in claim 1 wherein the cutting element 
critical zone spans an arc no greater than 180° around the protrusion. 

4. A rock bit as recited in claim 1 wherein the cutting element 
critical zone spans an arc no greater than 160«> around the protrusion. 

5. A rock bit as recited in claim 1 wherein the cutting element 
protrusion comprises a leading surface, a trailing surface, and an 
apex opposite a base portion, wherein the cutting element further 
comprises : 


base portion of th. ^'^'^^"^ axcuately extending from th^ 

P rt.on Of the protrusion toward the apex; and 

a second groove formed on a trailino . ^ 
protrusion. trailing surface of the 

.^.p L a^r^rr.:: ::::::: rr.;::r:r^^ ^^^^-^ 

element. ^'""'"^ °' """^^ —es arranged around the cutting 

10- A rock bit as recited In cla(™ , k . 
element critical ■ , wherein the cutting 

than eo" .ro: the central a"""' ^"^ 

12. A rock bit as recited in claim in u 

cutting element protrusion is c nVe. Jthi; tT"" °' 

«nvex withm the critical zone. 
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13. A rock bit as recited in claim 10 wherein the surface of the 
cutting element protrusion is concave within the critical zone. 

14. A rock bit as recited in claim 10 wherein the surface of the 
cutting element protrusion is textured within the critical zone. 

15. A rock bit as recited in claim 10 wherein the cutting 
element protrusion forms a ridge skewed relative to a plane of 
intersection between the grip and the protrusion. 

16. A rock bit as recited in claim 10 wherein the cutting 
element ultra hard material layer outer surface forms a ridge skewed 
relative to a plane of intersection between the grip and the 
protrusion. 

17. A cutting element as recited in claim 10 wherein the 
critical zone spans no more than 160° around the protrusion. 

18. A cutting element as recited in claim 10 wherein the grip 
portion has a diameter and wherein the ultra hard material layer 
maximum thickness is in the range of 0.015 to 0.25 times the grip 
portion diameter. 

19. A rock bit as recited in claim 10 wherein the cutting 
element further comprises at least one transition layer between the 
ultra hard material layer and the protrusion. 

20. A rock bit as recited in claim 19 wherein the cutting 
element grip portion has a diameter and wherein the ultra hard 
material layer maximum thickness is in the range of 0.01 to 0.15 times 
the grip portion diameter. 
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cf s.T,JZt 1" " " ^ transition .ayex 

Of said■3t^""' " " = t"nsition layer 

23. A cutting element as recited in claim iq k 
transition layer of said at . wherexn a 
to at least a / transition layer does not extend 

ac least a portion of the critical zone. 

24. A rock bit as recited in claim 10 wherein t->,« 
.Xa.en. ,r..r....„ oo.,.,,„ ^^^^^ t- c„ 

zona c..p...es two sections. eacH section .ei„, aii,ne. „it. rpLna. 

e..e::;.:t;ronTojis::ri:iVr.a:: r--.-'^^ -r- 

at the clttT °" = '""'"^ °' protrusion 

pro^nit: t r se"::;i:Vtr "^-"^^^ 

se portion of the protrusion toward the apex; and 
protrusion! ^"""^ '"^""'^ °" ^ '"^^^"^ "^'-e of t.e 

an";ai^::::s:ron" " ^ — -^^^e 

e.eJt"fu:t:e:"co^L\vrirst" v " """"" ' 

u.t.a hard „ateriai^a,e: al ^ ^r^rurr ^''^ 
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28. A rock bit as recited in claim 25 wherein the cutting 
element grip had a diameter and wherein the ultra hard material layer 
maximum thickness is in the range of 0.015-0.25 times the grip 
diameter. 

29. A rock bit as recited in claim 10 wherein the cutting 
element protrusion comprises a ridge skewed relative to a plane of 
intersection between the grip and the protrusion and a single radial 
groove formed on the protrusion at the critical zone. 

30. A rock bit as recited in claim 2 9 wherein the groove on the 
cutting element protrusion begins near the plane of intersection 
between the grip and the protrusion and extends radially toward the 
ridge of the protrusion to about the central axis. 

31. A rock bit as recited in claim 29 wherein the cutting 
element grip had a diameter and wherein the ultra hard material layer . 
maximum thickness is in the range of 0.015-0.25 times the grip 
diameter. 

32. A rock bit as recited in claim 29 wherein the cutting 
element further comprises at least a transition layer between the 
ultra hard material layer and the protrusion. 

33. A rock bit as recited in claim 10 wherein the cutting 
element critical zone spans an arc no greater than 180° around the 
protrusion. 

34. A rock bit as recited in claim 10 wherein a cross section 
of the cutting element protrusion comprises a linear portion within 
the critical zone. 
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comprising: central axis, the cutting element 

a grip portion; 

g a non axisymmetric outer surface; and 

the uxt« hard JteliaHa ' -r.ace, „he.e.„ 

zone than ou..Tl " / the" " ""^-^ 

material l.yJoL'T, ^''^ ""^ 

.-P a.on, a ao„,i.„..„. ^L, ttr.x" rre cenra; " 

:::r:L:rrr;a;:r : '^'^'^^ - - = - - : 

central a.i the cutt"V r ^ ^""'"""^-^ P-^^el to the 

height level, and tL!:L the i '-"^ 

layer within the critical zone d" '^"'^ """"^^^ 

t-titicax zone does not extend i-« +.k 
level. extend to the maximum height 


37. A 


rock bit as recited in d^-tm -^c v 
element ultra hard :.terial la.:: T JLTlT ""^ 

co„prisi„, pol,crvstalli„e diamond an; pol t^ II" T 
nitride. . t'w-^ycrystaiiine cubic boron 
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38. A rock bit as recited- in claim 36 wherein the cutting 
element critical zone spans an arc no greater than 180° around the 
protrusion. 

39. A rock bit as recited in claim 36 wherein the cutting 
element critical zone spans an arc no greater than 160° around the 
protrusion. 

40. A rock bit as recited in claim 36 wherein a cross section 
of the cutting element protrusion comprises a linear portion within 
the critical zone. 

41. A rock bit as recited in claim 36 wherein the cutting 
element comprises a plurality of critical zones arranged around the 

15 cutting element. 

42. A rock bit as recited in claim 36 wherein the cutting 
element protrusion forms a ridge skewed relative to a plane of 
intersection between the grip and the protrusion and extending from 

20 the critical zone. 

43. A rock bit as recited in claim 42 wherein the cutting 
element ultra hard material layer outer surface forms a ridge skewed 
relative to a plane of intersection between the grip and the 
protrusion and extending from the critical zone. 

44. A rock bit as recited in claim 43 wherein the cutting 
element ultra hard material ridge is aligned with the protrusion 
ridge, 

30 
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45. A rock bit as recited in claim 36 wherein the cuttiiig 
element ultra hard material layer outer surface forms a ridae skewed 
relative to a plane of intersection between the grip and the 
protrusion and extending from the critical zone. 

46. A rock bit as recited in claim 36 wherein the cutting 
element critical zone is located not less than 20» and not greater 
than 80» from the central axis as measured from the intersection of 
the central axis with the plane of intersection between the protrusion 
and the grip. 

47. A rock bit as recited in claim 4 6 wherein the surface of the 
cuttxng element protrusion is convex within the critical zone. 

48. A rock bit as recited in claim 46 wherein the surface of the 
cuttxng element protrusion is textured within the critical zone. 

49. A rock bit as recited in claim 4 6 wherein the cutting 
element protrusion forms a ridge skewed relative to a plane of 
intersection between the grip and the protrusion. 

50. A rock bit as recited in claim 4 6 wherein the cutting 
element ultra hard material layer outer surface forms a ridge skewed 
relative to a plane of intersection between the grip and the 
protrusion. 

51. A rock bit as recited in claim 46 wherein the cutting 
element critical zone spans an arc no greater than 160° around the 

protrusion. 

52. s rock bit as recited in claim 4 6 wherein the cutting 
element critical zone spans an arc no greater than 180- around the ' 
protrusion. 
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53 A -ro-^ bit as- reTited~rn~ra-I5--r6- W^^^^^^ 
element further comprises at least . one transition layer between t^e 
ultra hard material layer and the protrusion. 


54 . A rock as recited in ^liUfnT wherein thT-E^IttlETeleii^ 
ultra hard material thickness at any location within the critical zor^e 
.3 greater than the ultra hard material thickness at any location 
outside of the critical zone. ' 


55. A rock bit as recited in any of claims 1-54 wherein the rock 
£>it as a rotary cone bit. 

56. A rock bit as recited in any of claims 1-54 wherein the rock 
Oit is a hammer bit. 
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